HIRAMINE, C. and Hojo, K. Dissociation of MIF Activity and in Vitro Lymphocyte Transformation in the Development of Experimental Allergic Thyroiditis in Guinea Pigs.
Tohoku J. exp. Med., 1976, 118 (2), 137-143 Macrophage migration inhibitory factor (MIF) activity and in vitro lymphocyte transforma tion to homologous thyroid antigen were compared in cultures of lymph node cells obtained from 123 guinea pigs at weekly intervals after a single injection of homologous thyroid extracts in complete Freund's adjuvant (CFA). MIF activity was not detectable at the early stage of immunization but became manifest 2 and 3 weeks after sensitization and a high level was maintained during 4-7 weeks. On the other hand, lymphocyte transformation preceded the appearance of MIF activity and attained its maximum 2 weeks after sensitization before the establish ment of thyroiditis.
It is indicated that MIF activity and lymphocyte transforma tion predominate separately in the course of immunization.
There was a con siderable correlation between intensity of MIF activity and severity of thyro iditis in idividual animals during the advanced stage (4-6 weeks after sensitiza tion) of the disease. Also, a lower but significant correlation was seen between lymphocyte transformation and severity of thyroiditis. However , about half of animals in the advanced stage of thyroiditis failed to exhibit antigen-stimulated lymphocyte transformation, despite a positive MIF activity .? experimental allergic thyroiditis; MIF activity; in vitro lymphocyte transformation Antigen-stimulated MIF production and lymphocyte transformation by lym phoid cells have been generally regarded as in vitro manifestations specific for delayed hypersensitivity and cell-mediated immunity . However, recent reports (Chaparas et al. 1971; Bloom et al. 1972; Rocklin 1973) indicated that the produc tion of MIF is dissociated from the lymphocyte transformation and that these two phenomena may be induced by functionally separate lymphocyte populations . Similar dissociation has been found in patients with a variety of diseases in which cellular hypersensitivity is altered such as sarcoidosis and mucocutaneous candi diasis (Rocklin et al. 1970; Kirkpatrick et al. 1971; Valdimarsson et al . 1973 ). In addition, Bennett and Bloom (1967) suggested separate pathways for the induc tion of MIF and lymphocyte transformation .
Although there were a few reports on the MIF activity and lymphocyte transformation to thyroglobulin in thyroiditic animals (Zavaleta and Stastny 1967; Romagnani et al. 1970; Ringertz et al. 1971) , the relationships of the MIF activity to lymphocyte transformation and the correlation between either of the immune parameters and severity of the disease are not yet conclusive. As part of our continued investigations on experimental allergic thyroiditis, we have briefly reported the temporal sequence of MIF production and lymphocyte transforma tion to thyroid antigen in the development of the disease in preliminary com munications Hojo 1972, 1975a) .
In this paper, further details and more extensive studies are reported and evidence will be presented to indicate that MIF activity and transformation of thyroid antigen-stimulated lymph node lymphocyte may predominate separately in the development of thyroiditis.
MATERIALS AND METHODS
Animals. Hartley strain guinea pigs (outbred) weighing 300-500 g were purchased from Hoshino Farm, Saitama Prefecture, Japan. Experimental designs. 123 thyroid-sensitized animals were killed for MIF assay, lym phocyte transformation and histological examination at weekly intervals over 7 weeks. In control experiments, CFA-injected animals were killed on alternate weeks for a period of 6 weeks, four for each week and also S untreated animals were used.
RESULTS
Changes of MIF activity and lymphocyte transformation to homologous thyroid antigen in guinea pigs at weekly intervals after a single injection of homologous thyroid extracts in CFA (Fig. 1   ) Relationship of intensity of MIF activity and lymphocyte transformation to the severity of thyroiditis in individual animals during the advanced stage of the disease (Fig. 2) During 4 to 6 weeks after thyroid sensitization , there was a considerable correlation between MIF activity (% inhibition) and severity of thyroiditis. The correlation coefficient was 0.37 (p<0.05) in 26 animals. On the other hand, there was a low correlation between intensity of lymphocyte transformation induced by thyroid antigen and severity of thyroiditis, revealing a correlation coefficient of 0.28 (p<0.10) in 32 animals.
Comparison between the intensity of MIF activity and lymphocyte transformation of lymph node cells in individual animals during the advanced stage of thyroiditis (Table 1) Considering a positive response as % inhibition X10% and SI?1.10, both MIF activity and SI were positive in 6 of 17 animals. Nine of them were able to produce MIF but failed to exhibit lymphocyte transformation. In 2 remaining 
DISCUSSION
The present results indicate that transformation of the antigen-stimulated lymph node lymphocyte precedes the appearance of MIF activity in the course of thyroid immunization in guinea pigs. The lymphocyte transformation seems to may be more closely related to the early stage of the disease than to the ad vanced stage. This observation suggests that the lymphocyte transformation and MIF activity predominate separately in the course of immunization and perhaps these two functions may reside within the different cell populations. There are some reports supporting the concept of functionally separated populations of sensitized lymphocytes. Bloom et al. (1972) showed that the production of MIF by lymph node cell from guinea pigs sensitized to tuberculin is dissociated from DNA syn thesis and associated with a nondividing cell in the experiment using mitotic inhibitors. They assumed that the effector cell in delayed hypersensitivity may be a differentiated, terminal cell. Similarly, Rocklin (1973) managed to show that MIF could be produced by antigen-stimulated human lymphocytes treated with 5 bromo-2-deoxyuridine (BUdR) and light to destroy dividing cells. Chaparas et al.
(1970) found a dissociation of blastogenesis from MIF production with tuberculin carbohydrate antigen. Winklestein (1973) reported that lymph node cells obtained from cyclophosphamide-treated guinea pigs after immunization with mycobacteria were significantly impaired in the proliferative response to both PHA and PPD, but functioned normally in MIF production. The available evidence, therefore, seems to indicate that there are at least two lymphocyte subpopulations with different functions, one of which may produce mediators such as MIF and the other may divide upon antigenic stimulation. So, it seems likely that there is a dissociation of MIF activity and in vitro lymphocyte transformation in the course of immunization with a single injection of thyroid extract in guinea pigs.
Antigen-induced lymphocyte transformation is considered by some to be an in vitro indicator of cell-mediated immunity and to appear in parallel with MIF activity. However, we observed a lack of lymphocyte transformation , while the positive MIF response in about half of animals in the advanced stage of thyroiditis. Similarly, Chaparas et al. (1970) reported the absence of blastogenesis by lymph node lymphocyte, despite a positive MI test by peritoneal exudate cells in CFA sensitized guinea pigs using a carbohydrate rich fraction of mycobacterial culture filtrate as test antigen. Rocklin et al. (1972) reported a group of patients with sarcoidosis who exhibited normal production of MIF , yet had lymphocytes that did not respond to stimulation in vitro. Conversely , a report of Rocklin et al. (1970) showed that lymphocytes from anergic patients with a variety of diseases failed to produce MIF but did proliferate normally in response to antigen. These observa tions cast some doubt on the concept that delayed hypersensitivity is well cor related with antigen-induced in vitro lymphocyte transformation .
